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0 Coating medical devices with cationic antibiotics. 

0 A medical device having long-lasting bactericidal 
properties and a metiiod for maldng the same Is 
provided. The material from which the medical de- 
vice is made, the substrate, carries a negatively- 
charged group having a pKa of less than 6. A 
cationic antibiotic is ionlcally bonded to the 
negatively-charged group. The negatively-charged 
group may be a portion of a larger carrier molecule. 
The earner molecule is bound to the substrate such 
that the negatively-charged group is exposed for 
ionic interaction with the cationic antibiotic. Heparin 
Is an ideal carrier molecule because it has both anti- 
bacterial adhesion activity and anti-thrombogenic ac- 
tivity. 
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COATING MEDICAL DEVICES WITH CATIONIC ANTIBIOTICS 



This invention relates to implantable medical 
devices having gemnlcidal and antithrombogenic 
properties, and in particular relates to securing 
cationic antibiotics to medical devices. 

Medical procedures may fail due to complica- 
tions arising from infection. Not only may an infec- 
tion undermind the efficacy of the procedure, but it 
may be life*threatentng itself. 

For procedures involving implantable medical 
devices, avoiding infection is particularly problem- 
atic. Normally, free floating or platonic microbes in 
blood, tissue or organs are destroyed by anti- 
bodies, white blood cells, macrophages and anti- 
biotics. With implants, miCHDtjes introduced pre- or 
Intra-operatively may adhere to the foreign materiai 
of tiie implant and tiien transform Into biofilm. Such 
bioftim consists of domnant microbes covered with 
a 4ayer of glycocalyx secretion which protects ttie 
microbes from antibodies, macrophages and anti- 
biotics. The miaobes ttien may remain dormant as; 
long as their proliferation Into surrounding tissues 
can be checked by the body's immune system or 
systemic treatment with antibiotics. However, if tiie 
body's immune system is defective or if systemic 
administration of antibiotics is discontinued, the mi- 
crobes may proliferate rapidly and invade sur- 
rounding tissue. For a more detailed description of 
biofilm, see "Bacterial Adherence and the 
Glycocalyx and Their Role in Musculoskeletal In- 
fection**, Cristina, A, G. and Costerton, J, W., Or- 
thop. Clin. N. Amer.. 15:517. 1984. and "Bacterial 
Biofilm in Persistent Penile Prosthesis Associated 
Infection", Nickel. J. O*. Heaton. J., Morales, A. and 
Costerton, J. W., The Joumai of Urology, 1 35:586- 
8, 1986. 

Efforts to reduce the risk of tills type of infec- 
tion have Included providing tiie implant with ger- 
micidal properties such that the microbes will be 
destroyed when they contact the implant For ex- 
ample, implants coated with anionic antibiotics 
have been developed for reducing the risk of infec- 
tion. To be effective, tiie antibiotic must be secured 
in a manner that preserves its germicidal activity. It 
is also critical that the antibiotic be secured firmly 
to the medical device so that its germicidal prop- 
erties are localized and sufficientiy long lasting. 

Recent efforts have been focused on securing 
anionic antibiotics -to medical devices. Many infec- 
tious agents, however, are resistant to tiie com- 
monly available families of anionic antibiotics. The 
selection of cationic antibiotics is much broader 
tiian tiie selection of anionic antibiotics. The 
present invention provides a method for securing 
cationic antibiotics to medical devices. 

Medical procedures involving Implantable 
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medical devices sometimes fail due to the throm- 
bogenlcity of the medical device. Many materials 
having the preferred physical characteristics for 
performing the functions of tiie medical device are 

5 tiirombogenic. For example, as stated in U. S. 
Patent 4,116,898, "polymers, botfi natural and syn- 
thetic, and particularly certain synthetic plastics 
have come to the fore as preferred materials. . . 
Their major drawback, however, is their tiirom- 

w bogenicity." To overcome this problem, antithrom- 
bogentc agents have been secured to medk:al de- 
vices. 

For procedures involving a risk of failure both 
from infection and the thrombogenicity of the medl- 

75 cal device, it has been suggested to secure both 
antibiotics and antithrombogenic agents side-by; 
side on tiie medical device. Doing so. however. . 
dilutes the amount of eitiier tiie antibiotic or antith- 
rombogenic agent tiiat can be attached to the. 

20 device. This in turn reduces the germicidal: and 
antitiirombogenic properties of the rnedtoal device. 

It is an object of the present invention to pro- 
vide a medical device- having long-lasting activity 
against infectious agents , sensitive to cationic anti- 

25 biotics. 

It is a furtiier object of the invention to provide 
a medical device having both enhanced germicidal- 
activity, anti-bacterial adhesion activity and antith- 
rombogenic activity, f 

30 It is still another object of tiie invention to 

provide a method for more firmly bonding cationic 
antibiotics to medical devices. 

It Is still another object of tiie invention to 
provide a method for binding cationic antibiotics to 

OS a wide range of materials. 

It is still another object of tiie invention to 
provide a medical device with the above-mentioned 
properties that is inexpensive to prepare and ca- 
pable of being packaged and stored. 

40 According to the invention, a medical device 
having long-lasting bactericidal properties is pro- 
vided. The material from which the medical device 
is made, tiie substrate, carries a negatively- 
charged group having a pKa of less than 6. A 

45 cationic antibiotic is ionicaily bonded to the 
negatively-charged group. The negatively-charged 
group may be a portion of a larger carrier mol- 
ecule. The canier molecule is bound to the sub- 
strate such tiiat the negatively-charged group is 

50 exposed for ionic interaction with the cationic anti- 
biotic. Heparin is an ideal carrier molecule because 
it has both anti-bacterial adhesion activity and anti- 
tiirombogenic activity. 

Also according to the Invention, a mettiod for 
preparing a medical device having long-lasting bac- 
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tericidal properties is provided. The substrate is 
provided with a negatively-charged group having a 
pKa value of less than 6. The substrate Is then 
soaked in a cationic antibiotic*containlng solution 
and allowed to dry. 

Medical devices according to the present in- 
vention may be fabricated from virtually any 
biocompatible substrate, it Is only necessary that 
the substrate be capable of carrying negatively- 
charged groups having pKa values of less than 6; 
Dacron. latex, silicone, polyethylene and PVC have 
ail been tested successfully. 

Medical devices are provided with negatively- 
charged groups having a pKa of less than 6 and 
then are soaked in solutions of cationic antibiotics 
to ionlcaily bind the cationic antibiotic to the medi- 
cal device. It has been found that the negatively- 
charged groups having a pKa value of less than 6 
will bind cationic antibiotics more firmly than 
negatively-charged groups having pKa values of 
greater than 6. This firmer bond does not impair 
the efficacy of the antibiotic's germicidal activity 
and holds the antibiotic on the medical device for 
an extended period of time. In particular, It has 
been found that sulphate groups, sulfonate groups 
and phosphate groups, having pKa values of less 
than 1 , about 1 and 2.1 respectively, bind cationic 
antibiotic much more finmly than carboxyl groups 
(COOH) having a pKa value of greater than 6. 

The negatively-charged groups may be manu- 
factured Into the surface of the medical device. 
Sulfonated polystyrene* for example, may be man- 
ufactured to carry suitably charged surface groups. 
Likewise, negatively charged groups may be at- 
tached directly to the surface of the medical de- 
vice. Suitable techniques include the immobilization 
of negative groups carried on polymers or 
faiopolynieirs by radiation or chemical cross-linking. 

Negatively-charged groups may also be coated 
onto the surface of the medical device, in particu- 
lar, a negatively-charged group may be a portion of 
a larger carrier molecule which is coated or other- 
wise attached onto the surface of the medical de- 
vice. For example, phospholipids include both a 
phosphate group and at least one long hydrophobic 
side chain. A medical device manufactured from a 
hydrophobic sutsstrate may be soaked in a solution 
containing the phospholipid. The hydrophobic side 
chain of the phospholipid will bind to the hydropho- 
bic material in a manner to expose the phosphate 
group for binding with the cationic antibiotic. Any 
molecule generally described by the fomnulas 
ROSOi , RSO3 and ROPO3 . where R is a long 
hydrophobic side chain is a suitable carrier mol- 
ecule. For example. R may be composed substan- 
tially of carbon and hydrogen and be at least four 
carbon atoms long. 

The most preferred carrier molecule Is, heparin, 
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which is capable of binding more than one cationic 
antibiotic since it has many sulphate groups. In 
addition, the heparin has anti-bacterial adhesion 
and antithronhbogenic activity. By coating the medl- 

5 cal device witfi heparin, many more sulphate 
groups cover the medical device's surface provid- 
ing more cationic binding sites over a given area 
than has heretofore been achieved. The substrate 
may then be packed rich with cationic antibiotic. 

10 Once implanted, the cationic antibiotic will 
slowly be released from the heparin carrier mol- 
ecule by dissociation. As cationic antibiotic is re- 
leased, the heparin molecule is exposed. The ex- 
posed heparin is known to have antithnDmbogenic 

IS activity. The heparin also may prevent bacteria 
from adhering to the substrate thereby preventing 
the formation of a protective biofllm. Without a 
protective biofllm, the microbes are vulnerable to 
antibodies, white blood cells, macrophages and 

20 antibiotics. A heparin-coated substrate may reduce 
bacterial adherence by as much as ten fold. 
{Heparin and its antibacterial properties are more 
particularly described in ''Reduction of Bacterial 
Adherence to Latex Catheter Surface with 

25 Heparin**, Ruggieri, M. R., The Journal of Urology, 
AUA Bghty-First Annual Meeting Abstract K/2, 533, 
1986. Thus, a heparin carrier molecule serves three 
separate functions. It provides a dense packing of 
sulphate cationic binding sites, provides antibac- 

30 terial adherence activities, and provides antithrom- 
bogenic activity. 

Preferably the heparin is attached to the sui> 
strate by an anchor molecule interposed between 
the medical device and heparin. As described in U. 

3S S. Patent 4,442,133, surfactants such as tridodecyl 
methyl ammonium chloride (TDMAC) and benzal- 
conium (6ZK) may be used to finniy bind a 
negatively-charged molecule to a hydrophobic sub- 
strate. While an anchor molecule, and in particular 

40 TDMAC. is prefenred, it should be recognized that 
other methods of attachment are possible. For ex- 
ampiOi the medical device may be manufactured 
with or otherwise provided with positive surface 
charges. Heparin molecules then may be secured 

45 to the medical device via ionic interaction between 
the negatively-charged heparin and the positive 
surface charges on the medical device. The 
heparin molecules also could be immobilized onto 
the medical device by radiation or various cross- 
so linking reagents, such as cyanogen bromide. 

Suitable cationic antibiotics include those clas- 
sifiied as polypeptides, aminoglycosides, and 
bases. Among the polypeptides are bacitracin, 
polymyxins, tyrothricin, viomycin, vancomycin, and 

55 their derivatives. Aminoglycosides include neomy- 
cin, erythromycin, streptomycin, tobramycin, geri- 
tamicin, kanamycin. paromomycin, and their deriva- 
tives. Bases include cycloserine, tetracycline, 

3 
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COATING MEDICAL DEVICES WITH CATIONIC ANTIBIOTICS 



This invention relates to implantable medical 
devices having germicidal and antlthrombogenic 
properties, and in particular relates to securing 
cationtc antibiotics to medical devices. 

IVIedlcal procedures may fail due to complica- 
tions arising from infection, f^ot only may an Infec- 
tion undermind the efficacy of the procedure, but it 
may be iife«threatening Itself. 

For procedures involving implantable medical 
devices, avoiding infection Is particularly problem- 
atic. Normally, free floating or platonic microbes in 
blood, tissue or organs are destroyed by anti- 
bodies, white blood cells, macrophages and anti- 
biotics. With implants, microbes introduced pre- or 
Intra-operatively may adhere to the foreign material 
of the implant and then transform Into biofilm.. Such . 
biofilm consists of dormant microbes covered with 
a <ayer of glycocalyx secretion which protects the 
microbes from antibodies, macrophages and anti- 
biotics. The mlaobes then , may remain dormant as 
long as tiielr proliferation Into surrounding tissues 
can be checlced by the body's immune system or 
systemic treatment with antibiotics. However, If the 
body's immune system iis defective or If systemic 
administration of antibiotics is discontinued, the mi- 
crobes may proliferate rapidly and invade sur- 
rounding tissue. For a more detsdied description of 
biofilm. see "Bacterial Adherence and the 
Glycocalyx and Their Role in Musculoskeletal In- 
fection", Cristina, A. G. and Costerton. J. W., Or- 
tiiop. Clin. N. Amer., 15:517, 1984, and "Bacterial 
Biofilm in Persistent Penile Prosthesis Associated 
Infection", Nickel, J. C, Heaton. J., Morales, A. and 
Costerton, J. W.. The Journal of Urology, 135:586- 
8. 1986. 

E^orts to reduce the risk of tills type of infec- 
tion have Included providing tiie implant with ger- 
micidal properties such that tiie microbes will be 
destroyed when they contact the implant For ex- 
ample, implants coated with anionic antibiotics 
have been developed for reducing tiie risk of infec- 
tion. To be effective, the antibiotic must be secured 
in a manner that preserves its germicidal activity. It 
is also critical that tiie antibiotic be secured tirmly 
to tiie medical devtee so that its genmicidal prop- 
erties are localized and suffidentiy long lasting. 

Recent efforts have been focused on securing 
anionic antlt^otics 'to medical devices. Many infec- 
tious agents, however, are resistant to the com- 
monly available families of anionic antibiotics. The 
selection of cationic antibiotics is much broader 
tiian tiie selection of anionic antibiotics. The 
present invention provides a method for securing 
. cationic antibiotics to medical devices. 

iviedlcal procedures involving implantable 
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medical devices sometimes fall due to ttie throm- 
bogenicity of the medical device. Many materials 
having the preferred physical characteristics for 
performing tiie functions of the medical device are 

5 tiirombogenic. For example, as stated in U. S. 
Patent 4,116.898, •'polymers, botii natural and syn- 
tiietic. and particulariy certain syntiietic plastics 
have come to tiie fore as preferred materials. . . 
Their major drawback, however, is their tiirom- 

ro bogenidty." To overcome this problem, antithrom- 
bogenic agents have been secured to medical de- 
vices. 

Fbr procedures involving a risk of failure both 
from infection and the thrombogenicity of the medi- 

75 cal device, it has been suggested to secure both 
antibiotics and antithromt3ogenlc agents side-by- 
side on the medical device. Doing so. however, 
dilutes the amount of eitiier the antibiotic or antith^ 
rombogenic agent that can be attached to . the 

20 device. . This in turn reduces the germicidal - and- « 
antithrombogenic properties of the medical device. 

It Is an object of the present invention to pro- 
vide a medical device having tong-iasting activity 
against Infectious agents sensitive to cationtc anti- \ 

2S biotics.- 

It Is a furtfier object of the invention to provide 
a medical device having tx)th enhanced germicidal 
activity, anti-bacterial adhesion activity and antith- 
rombogenic activity. 

30 It is still another object of ttie Invention to 
provide a method for more firmly bonding cationic 
antibiotics to medical devices. 

It is still another object of tiie Invention to 
provide a method for binding cationic antibiotics to 

as a wide range of materials. 

It is still another object of tiie invention to 
provide a medical device with the above-mentioned 
properties that is inexpensive to prepare and ca- 
pable of being packaged and stored. 

40 According to the invention, a medical device . 
having long-lasting bacteriddal properties is pro- 
vided. The material from which the medical device 
is made, the substrate, carries a negatively- 
charged group having a pKa of less tiian 6. A 

45 cationic antibiotic is ionically bonded to the 
negatively-charged group. The negatively-charged 
group may be a portion of a larger carrier mol- . 
ecule. The canrier molecule is bound to the sub- 
strate such that the negatively-charged group Is 

50 exposed for ionic Interaction with tiie cationic anti- 
biotic. Heparin Is an Ideal carrier molecule because 
it has both anti-bacterial adhesion activity and anti- 
tiirombogenic activity. 

Also according to tiie Invention, a mettiod for 
preparing a medical device having long-lasting bac- 
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tericidal properties is provided. The substrate is 
provided with a negatively-charged group having a 
pKa value of less than 6. The substrate is then 
soaked in a cationic antibiotic-containing solution 
and allowed to dry. 

Medical devices according to the present in- 
vention may be fabricated from virtually any 
biocompatible substrate. It Is only necessary that 
the substrate be capable of carrying negatively- 
charged groups having pKa values of less than 6« 
Dacron, latex, silicone, polyethylene and PVC have 
all been tested successfully. 

Medical devices are provided with negatively- 
charged groups having a pKa of less than 6 and 
then are soaked in solutions of cationic antibiotics 
to lonically bind the cationic antibiotic to the medi- 
cal device. It has been found that the negatively- 
charged groups having a pKa value of less than 6 
will bind cationic antibiotics more firmly than 
negatively-charged groups having pKa values of 
greater than 6. This firmer bond does not impair 
the efficacy of the antibiotic's germicidal activity 
and holds the antibiotic on the medical device for 
an extended period of time. In particular, it has 
been found that sulphate groups, sulfonate groups 
and phosphate groups, having pKa values of less 
than 1. about 1 and 2.1 respectively, bind cationic 
antibiotic much more finmly than carboxyl groups 
(COOH) having a pKa value of greater tiian 6. 

The negatively-charged groups may be manu- 
factured into the surface of the medical device. 
Sulfonated polystyrene, for example, may be man- 
ufactured to carry suitably charged surface groups. 
Likewise, negatively charged groups may be at- 
tached directiy to the surface of the medical de- 
vice. Suitable techniques include the Immobilization 
of negative groups carried on polymers or 
biopolymers by radiation or chemical cross-linking. 

Negatively-charged groups may also be coated 
onto tiie surface of the medical device. In particu- 
lar, a negatively-charged group may be a portion of 
a larger carrier molecule which is coated or other- 
wise attached onto the surface of the medical de- 
vice. For example, phospholipids include both a 
phosphate group and at least one long hydrophobic 
side chain. A medical device manufactured from a 
hydrophobic substrate may be soaked in a solution 
containing ttie phospholipid. The hydrophobic side 
chain of tiie phospholipid will bind to the hydropho- 
bic material in a manner to expose tiie phosphate 
group for binding with tiie cationic antibiotic. Any 
molecule generally described by the fomnulas 
ROSO3 . RSO3 and RGPO3 . where R is a long 
hydrophobic side chain is a suitable can-ier mol- 
ecule. For example. R may be composed substan- 
tially of carbon and hydrogen and be at least four 
carbon atoms long. 

The most preferred carrier molecule is heparin. 
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which Is capable of binding more than one cationic 
antibiotic since it has many sulphate groups. In 
addition, tiie heparin has anti-bacterial adhesion 
and antithrombogenic activity. By coating tiie medi- 

5 cai device with heparin, many more sulphate 
groups cover the medical device's surface provid- 
ing more cationic binding sites over a given area 
tiian has heretofore been achieved. The substrate 
may then be packed rich witii cationic antibiotic. 

10 Once implanted, the cationic antibiotic will 
slowly be released from the heparin carrier mol- 
ecule by dissociation. As cationic antibiotic is re- 
leased, tiie heparin molecule is exposed. The ex- 
posed heparin is known to have antitiirombogenic 

16 activity. The heparin also may prevent bacteria 
from adhering to the substrate ttiereby preventing 
the formation of a protective blofllm. Without a 
protective biofilm, tiie microbes are vulnerable to 
antibodies, white blood cells, macrophages and 

20 antibiotics. A heparln-coated substi^ate may reduce 
bacterial adherence by as much as ten fold. 
Heparin and its antibacterial properties are more 
particularly described in ''Reduction of Bactenal 
Adherence to Latex Catiieter Surface with 

25 Heparin''. Ruggieri, M. R.. The Journal of Urology . 
AUA Eighty-First Annual Meeting Abstract K/2, 533» 
1986. Thus, a heparin carrier molecule serves three 
separate functions. It provides a dense packing of 
sulphate cationic binding sites, provides antibac- 

30 terial adherence activities, and provides antithrom- 
bogenic activity. 

Preferably the heparin is attached to tiie sub- 
strate by an anchor molecule interposed between 
the medical device and heparin. As described in U. 

35 S. Patent 4,442,133. surfactants such as tridodecyl 
mettiyl ammonium chloride (TDMAC) and benzal- 
conium (BZK) may be used to firmly bind a 
negatively-charged molecule to a hydrophobic sub- 
strate. While an anchor molecule, and in particular 

40 TDMAC, is preferred, it should be recognized ttiat 
other methods of attachment are possible. For ex- 
ample, the medical device may be manufactured 
with or otherwise provided with positive surface 
charges. Heparin molecules tiien may be secured 

45 to the medical device via Ionic interaction between 
the negatively-charged heparin and the positive 
surface charges on the medical device* The 
heparin molecules also could be Immobilized onto 
the medical device by radiation or various cross- 
so linking reagents, such as cyanogen bromide. 

Suitable cationic antibiotics include those clas- 
sified as polypeptides, aminoglycosides, and 
bases. Among the polypeptides are bacitracin, 
polymyxins, tyrotiiricin, viomycin, vancomycin, and 

55 tiieir derivatives. Aminoglycosides include neomy- 
cin, erythromycin, streptomycin, tobramycin, gen- 
tamicin, kanamycin. paromomycin, and their deriva- 
tives. Bases include cycloserine, tetracycline, 

3 



5 



EP 0 372 130A1 



6 



aureomycin, terramycin, subtiiln, amisomycin, and 
their derivatives. 

It is preferable to react a sodium, potassium or 
any monovalent alkali metal form of the negatively 
charged group with a salt form of the catlonic 
antibiotic. Thus. OSOaNa. OSO3K SOgNa, SO3K. 
OPOaNa and OPO3K are prefenred as negatively- 
charged groups, although others as for example 
(OS03)2Mg. (0S03)2Ca. (803)2 Zn and {OPOahCa 
may be used. Commercially available heparin or 
TDMAC heparin may contain OSO3 groups in var- 
ious forms, e.g., OSO3H, OSOaNa, OSOsK. 
(OSOsjzCA, etc.. and, as illustrated In Examples 
Nos- 2, and 4. steps may be taken to ensure 
conversion of all OSO3 groups into OSOaNa or 
OSO3K. Preferably the cationic antibiotic In salt 
form has at least one amine group or a net pKa of 
greater than 7.0. Suitable salt fonns of cationic 
antibiotics Include cationic antibiotic - H2OSO3, 
HNO3, HCI, etc., as for example. tetracycline-Ha 
and polymixin B-sulfate. 

If tfie negatively charged group is in acid form, 
as for example OSO3H SO3H and OPO3H, it is 
preferable to react the negatively charged group 
with a base form of the cationic antibiotic. 

The foregoing may be more particularly illus- 
trated by the folbwing examples: 



EXAMPt£1 



One 10 mm by medical grade latex tubing 
obtained from Bard Urological Division of Murray 
Hill, New Jersey, was soaked in 50 ml of a 2% 
TDMAC-heparin complex solution for five seconds 
and air dryed for one hour. The tubing was then 
rinsed in 1.000 ml of distilled water for 10 minutes 
and then soaked in 20 ml of a 0.2% gentamicin- 
sulfate solution for five minutes. Subsequently, it 
was rinsed in 1,000 ml d.HaO for 20 minutes and 
then air dryed at room temperature overnight 

The tubing was dipped into E.coli suspension 
In saline at 1x10^ colony forming units per cc, 
(CFU/cc) for five seconds and air-drted at room 
temperature for 30 minutes. Then it was placed on 
a nutrient agar plate and incubated at 37* for 48 
hours. There was no bacterial growth on and ar- 
ound the experimental tubing. There was heavy 
growth around a control. 



EXAMPLE 2 



One 10 mm x 10mm polyethylene film ob- 
tained from Bard Urological Division was soaked in 
50 ml TDMAC-Heparin solution for two hours and 



then air-dried at room temperature for one minute. 
The film was Immersed in 1,000 ml of 0.1% so- 
dium carbonate for five minutes and rinsed in two 
volumes of 1,000 ml d-HaO for five minutes each 
5 with stirring. It was tiien Immersed in 0.2% 
polymyxin-B sulfate solution in d.H20 for three 
minutes with stirring, rinsed in 1,000 ml d.H20 for 
one minute and alr-dried at room temperature for 
one hour. 

10 The film was dipped into Staphlococcus aureus 

suspension in saline at 1x1 0« CFU/cc for five sec- 
onds and air-dried at room temperature for 30 
minutes. Then It was placed on a nutrient agar 
plate and incubated at 37 *C for 48 hours. No 

15 growth was detected on or around the experimental 
film. 



EXAMPLE 3 

20 

Dipped a 20mm x 30mm medical grade PVC 
film in 20 ml TDMAC-Heparin solution for one 
minute and alr-dried at room temperature for five 

25 minutes. It was then rinsed in 1,000 ml d-HzO for 
10 minutes, dipped into 20 ml of 0J2% tetracycline 
-HCI solution for tiiree minutes and rinsed In 1,000 
ml d.H20 for 10 minutes. 

The dry film was dipped in'2cc of E.coli sus- 

30 pension in saline at 1x10^ CFU/cc and then air- 
dried at room temperature for 30 minutes. It was 
then placed on a nutrient agar plate and incubated 
at 37* C for 48 hours. No bacterial growth was 
visible botii microscopically and macroscopically 

35 on or around the experinriental film. 



EXAMPLE 4 

40 

One 1.5mm x lOmm x 10mm Dacron felt was 
soaked in SO ml 2% TDMAC-Heparin for two hours 
and air-dried at room temperature for one hour. 
The felt was Immersed in 1.000 mi 0.1% sodium 

45 bicarbonate solution for five minutes, two volumes 
of 1,000 ml d.H20 for five minutes each. 20 ml 
0.2% polymyxin-B sulfate for three minutes, and 
then in 1.000 nl d.HaO for five minutes. 

The felt was air-dried at room temperature 

so overnight and dipped Into 2cc of Staphlococcus 
aureus at 1x10^ CFU/cc for three seconds. It was 
then air-dried, placed on a nutrient agar plate and 
incubated at 37*0 for 48 hours. No bacterial 
growth 'was visible on or around the experimental 

55 felt 



EXAMPLES 
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ionically bind said heparin molecules to said an- 
chor molecules on said substrate, and then soaking 
said substrate in a solution containing a salt fonn of 
cationic antiboitic molecules to bind said cationic 
antibiotic molecules to said heparin. s 

6. A method as claimed In claim 5 further 
characterised by binding more than one cationic 
antibiotic molecule to each molecule of heparin. 
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said negatively charged group is selected from the 
group consisting of OSOgK, OSOsNa, SO3K, 
SOaNa, OPO3K and OPO^Na and said cationic 
antibiotic is in sait form. 

19. A method as claimed in cfalm 18 wherein 
said negatively-charged group is in acid form and 
said cationic antibiotic is in base form. 

20. A method as claimed in claim 17 wherein 
said negatively-charged group is a portion of a 
carrier molecule and said carrier molecule is bound 
to said substrate such that the negatively*charged 
group is exposed for ionic interaction with said 
cationic antibiotic. 

21. A method as claimed In claim 20 wherein 
said substrate is substantially hydrophobic and said 
carrier molecule is selected from the group consist* 
ing of ROSO3, RSO3 and ROPO3, wherein R Is a 
hydrophobic chain consisting essentially of carbon 
and hydrogen atoms and at least four carix)n 
atoms long, 

and said substrate is provided with said negatively- 
charged group by soafdng said substrate in a solu- 
tion containing said carrier molecule. 

22. A method as claimed in claim 21 wherein 
said carrier molecule Is a phospholipid. 

23. A method as claimed in claim 20 wherein 
said carrier molecule Is bound to said substrate via 
an anchor molecule. 

24. A method as claimed in claim 23, wherein 
said carrier molecule Is bound to said substrate by 
first lonically bonding said carrier molecule to said 
anchor molecule to form an anchor-carrier com^ 
plex. and next 

bonding the anchor portion of said anchor-carrier 
complex to said substrate. 

25. A method as claimed in clam 24 wherein 
said carrier molecule is heparin and said anchor 
molecule is TDMAC. 

said anchor-carrier complex is formed by preparing 
a solution containing TDMAC and heparin in ap- 
proximate molar equivalents, and 
said anchor portion of said anchor-carrier complex 
is bound to said substrate by soaking said sub- 
strate in said complex containing solution. 

26. A method as claimed in claim 25, wherein 
said negatively charged group is selected from the 
group consisting of OSO3K and OSOsNa and said 
cationic antibiotic is selected from the group con- 
sisting of cationic antibiotics carrying at least one 
amine group and cationic antibiotics having a pKa 
greater than 7. 

27. A method as claimed in claim 24 wherein 
said carrier molecule is heparin and said anchor 
molecule is BZK, 

said anchor-carrier complex is formed by preparing 
a solution containing BZK and heparin, and 
said anchor portion of said anchor-carrier complex 
is bound to said substrate by soaking said sut>- 



strate in said complex containing solution. 

28. A metfiod as claimed In claim 27 wherein 
said negatively charged group is selected from the 
group consisting of OSO3K and OSOaNa and said 

$ cationic antibiotic Is selected from the group con- 
sisting of cationic antibiotics carrying at least one 
amine group and cationic antibiotics having a pKa 
greater than 7. 

29. A method as claimed in claim 20 wherein 
10 said substrate Is first provided with a positive 

charge, and 

said carrier molecule is hepar in and is bound to 
said substrate by soaking said substrate in a 
heparin containing solution. 
15 30. A method as claimed in claim 17 wherein 

said negatively-charged group Is provided on the 
surface of said substrate by 

manufacturing said negatively-charged group into 
the surface of the substrate. 
20 31. A method as claimed in claim 30 wherein 

said medical device Is prepared using a polymer 
selected from the group containing suriace OSO3 . 
SOa and surface OPO3 groups. 

25 Amended claims in accordance with Rule 86(2) 
EPC. 

1. A medical device having long-lasting bacteri- 
cidal properties characterised by comprising a sub- 
so strata, heparin molecules lonically bound to said 

substrate via anchor molecules, said anchor mol- 
ecules attached directiy to said substrate and inter- 
posed between said heparin molecules and said 
substrate, said anchor molecules selected from tiie 
3S group consisting of BZK and TDMAC. and cationic 
antibiotic molecules lonically i>ound to said heparin 
molecules. 

2. A medical device as claimed in claim 1 
characterised in that more than one cationic anti- 

40 biotic molecule Is bound to each molecule of 
heparin. 

3. A medical device as claimed In either claim 
1 or claim 2 characterised in tiiat s^d cationic 
antibiotic is an aminoglycoside or a polypeptide 

45 antibiotic. 

4. A medical device as claimed in any of 
claims 1-3 characterised in that said cationic anti- 
biotic is selected from the group consisting of 
Polymyxin B and Gentamicin. 

50 5. In a medical device prepared from a sub- 
strate, a method of imparting said medical device 
with long-lasting bactericidal properties, charac- 
terised by attaching anchor molecules selected 
from the group consisting of BZK and TDMAC 

55 directiy to said substrate by soaking said substrate 
in a solution containing siad anchor molecules, next 
soaking said substrate in a solution containing 
heparin molecules in monovalent metal salt form to 
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A three mm piece of silicone catheter obtained 
from Bard Urological Division of Mun^ay Hill. New 
Jersey is soaked In 50 ml of 5% BZK-hepaiin in 
isopropanol for 5 seconds and then air dryed at 
room temperature for 30 minutes. It Is then soaked 
in 10 mm of 0.1% tetracycline-HCl solution for five 
minutes at room temperature. Subsequently it is 
rinsed in 600 ml of distilled water with stinring for 
30 seconds and then air dryed. 

The silicon catheter is subsequently placed in 
a petri dish containing E. coll and incubated for 48 
hours. The catheter inhibits the growth of E.coIi. 

It should be understood that the foregoing de- 
scription of the Invention Is intended merely as 
illustrative thereof and other modifications and em- 
bodiments may be apparent to those skilled In the 
art without departing from Its spirit 



Claims 

1. A medical device having long lasting bacteri- 
cidal properties comprising, 
a substrate. 

said substrate carrying a negatively-charged group 
having a pKa of less than 6, and 
a catlonic antibiotic ionically bonded to said 
negatively-charged group. 

2. A medical device as claimed In claim i 
wherein negatively-charged group is selected from 
the group consisting of sulphate, sulfonate and 

phosphate, . . ^ 

3; A medical device as claimed in claim 2 
further comprising a can-ier molecule partially com- 
posed of said negativeiy-charged group and bound 
to said substrate such that the negatively-charged 
group is exposed for ionic interaction with said 
catlonic antibiotic. 

4. A medical device as claimed in claim 3 
furmer comprising an anchor molecule, said anchor 
molecule Interposed between said canler molecule 
and said substrate for binding said carrier molecule 

to said substrate. . , ^ 

5. A medical device as claimed in claim 4 
wherein said substrate Is substantially hydnDphobIc, 
said anchor molecule having a hydrophobic portion 
and a cationic portion, and said canier molecule 
being heparin, said hydrophobic portion securing 
said anchor molecule to said substrate, and said 
cationic portion securing said heparin to said an- 

ctor. ^ , ^ . _ 

6. A medical device as claimed in claim 5 
wherein said anchor molecule Is a surfactant 

7. A medical device as claimed in claim 6 
wherein said surfactant is selected from the group 
consisting of BZK and TDMAC. 



8. A medical device as claimed in claim 7 
wherein said catlonic antibiotic is selected from the 
group consisting of bacitracin, polymyxins, tyroth- 
ricin, viomycin. and vancomycin, neomycin, eryth- 

5 romycin. streptomycin, tobramycin, gentamian. 
kanamycin. paromomycin, cycloserine, tetracycline, 
aureomycin. tenwycin, subtliin, amisomycin. and 
their derivatives. . 
9 A medical device as claimed in claim 3 

10 wherein said substrate is substantially hydrophobic 
and sad carrier molecule is selected from the 
group consisting of ROSOi . RS05 and ROPO3 
wherein R is a hydrophobic chain consisting essen- 
tially of carbon and hydrogen atoms and at least 

15 tour cariDon atoms long. 

10. A medical device as claimed in claim 9 
wherein said carrier molecule is a phospholipid. 

11. A medical device as claimed In claim 10 
wherein said cationic antibiotic Is selected from the 

20 group consisting of bacitracin, polymiwns. tyroth- 
ricin, viomycin. and vancomycin, neomycin, eryth- 
romycin, streptomycin, tobramycin, gentamicin, 
kanamycin, paromomycin, cycloserine, tetracycline, 
aureomycin, terramycin. subtilln. amisomycin. and 

25 their derivatives. ^ 

12. A medical device as claimed m claim 3 
wherein said substrate is provided with a positive 
charge, and said carrier molecule is bound to said 
substrate In a manner such that the negatlveiy- 

30 charged group is exposed for ionic interaction with 
said cationic antibiotic. 

13. A medical device as claimed In claim 12 
wherein said carrier molecule Is heparin. 

14. A medical device as claimed in claim 13 
35 wherein said cationic antibiotic is selected from the 

group consisting of bacitracin, polymbdns, tyroth- 
ricin. viomycin. and vancomycin, neomycin, eryth- 
romycin, streptomycin, tobramycin, gentamicin. 
kanamycin, paromomycin, cycloserine, tetmcycline. 
40 aureomycin, terramycin. subtliin. amisomycin. and 

their derivatives. . . . o 

15. A medical device as claimed m claim 2 
wherein said negatively-charged group is provided 
on the surface of the substrate during the manufac- 

45 ture of the substrate. . 

16. In a medical device prepared from a sub- 
strate, a method of imparting said medical device 
with long lasting bactericidal properties compnsing, 
providing said substrate with a negatively-charged 

50 group having a pKa value of less than 8. 

soaking said substrate in a cationic antibiotic con- 
taining solution, and 
drying said substrate. 

17. A method as claimed in claim 16 wherein 
55 said negatively-charged group is selected from the 

group consisting of sulfate, sulfonate, and phos- 
phate. I. . 

18. A method as claimed in claim 17 wherein 
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